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u s>7i An intrusive monitoring study erf two wvilamk nf the River Murray in Noinh Australia:

phvsico-chcuncul pi urn nttiers und eyanobacierw goneentniiionK, Trotu. h\ S<n\ 5- Aw*f- 121(4). 147-155. 2X

November. 1997.

(,)n. motive itjtj wi.u' collected on pjiysicd-dirimica] diaiaeu-ristics i»l Miituce water lejiipcfauirev pi I.

turbidity, conductivity, dissolved ammonia, dissolved reactive nitrate and total pliosphulo of lianmcK and I .och

l.itna wetlands from 46 samplings in each wetland o\c.f a 20-month intensive monitoring study. Conccniraiions

oi' t\\e various physico-chemical parameters were within die ranges found in similai i'rcshwalei Rivei Murray
wetfimls.

Weather factors, such as strung winds, heavy rain runutf and liehlimu!. prodtuvd pertuhaUons ill ttirbtdily.

conductivity, dissolved reactive nitrate and lolal phosphate levels in the two wetlands.

Nutrient concentrations in excess of 036 tnel ' total phosphate and 4.0 mgl dissolved reactive nitrate with

jr-in;j water temperatures were related IQ rapid cell multiplication of the cyiinobflCTCTEJ Anohatmi Rgp, Ihree

Siutlhti'thi Kpp were predominant in the two wclUuuk ,wm\ reached their greatest numhers (23,700 t'Clh nil
'

) hi

J .och Luna from lale December [994 to mid - January iw.s,

Ki v WmkpvWetlands. Kivet Mmray. monitoring physico-chemical parameters, eyunobacleriu. South Australia,

Introduction

in 1990 the Murray Darling Basin Commission
through its Natural Resources Management Strategy

(NRMS) funded a pielimmury 1

study pf the water

chemistry and uqualic invertebrates anil land

veriehrates of 10 wel lands oi" the River Muiray

floodplains in South Australia (Goonan et at. 1092.}.

The survey was conducted during May June l
u «)0.

Between May lyyQ anxJ February 1^92, a second

more detailed physico-chemical and biological

survey of cighl alkaline freshwater wetlands was

carried out on Ihe above - mentioned lloodplains.

Five of Ihe eight vvellands were located between

Clover Lake (Calperum area) und (he Bern
I'vaporalion Basin and the remainine three were

between R&mco Lftgoop (Waikerie) and hike Carlet

(6 km upstream of Munnum) (Fit;. I }. These results

were reported by Sulci vi id. [ l

uo~3).

Banrock Station Hoodplain (Section 662, 6KI anil

6X2 - Hundred of Moorook) and associated wetland

lie in aboul ihe middle oi the 100 km (npprov.)

stretch of Ihe river between Ihe live upper and three

lOWCr wellands studied by Sutcr ft at. 1 1943).

How regulation of the River Murray al Lock 3 in

1025 helped create two permanent freshwater

wrtlands in the region, one located in the tloodplnin

o\ Banrock Station (34 " OS' S, 140 20' E) and the

uihci in the Loch Lum:i VA'ciIaud ( oiuplej I }A I I S

140 22' E) opposite Banrock Station and aboul one

km upstream o[' Lock 3 weir (ANCA L'996), Banrock

Station wetland has a 90 to 130 lia area depending on

water deplh (20 cm - 1.1 ml and was created in the

1 050s by damming the upper section of Banrock

Creek. The wetland behind the dam wall is gravity
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kx\ by a channel from Lock 3 Pool. Water levels are

maintained by controls at the inlet and outlet points

and discharges flow into Lock 2 Pool. European carp

control structures were erected at the inlet in 1994.

The study described below was undertaken to

determine the cyclical changes in the physico-

chemical characteristics of the waters of the two

wetlands and their influence on the rise and decline

of those cyanobacterial species likely to produce

toxic outbreaks. In the summer of 199 1-2 there had

been visible blue green algal blooms in both

wetlands.

Materials and Methods

Sampling

This monitoring study of the two wetlands of the

River Murray began in November 1994 and ended in

June 1996. For 19 months water from only the River

Murray catchment and upstream storages flowed

through Lock 3 Pool. The Darling River did not How
because of the four-year drought in its drainage

basin. Mixed River Murray - Darling River water

flowed into Lock 3 Pool in June 1996 as a result of

floods in the Darling River.

In each wetland, five sites were selected for water

sampling for reasons of accessibility and

representativeness and for sampling any increase in

cyanobacterial concentrations irrespective of wind

direction (Fig. 2). All water samples and temperature

readings were taken in the morning and as near as

possible to the same time at each visit. Wherever

possible. Loch Luna was sampled first followed by

Banrock wetland within 2 h. Collections of water

samples were made weekly from October to December,

fortnightly from January to March and monthly from

Banrock
Sampling
Stations

1 -5
Lock 3

Banrock

(34° 08' S, 140° 20' E)

Loch Luna

(34° 12' S, 140° 22' E)

34° 10' S

Loch Luna
Sampling Stations

1 -5

'1

Loch^ 4# ^v Luna7\S^ «

Scale (Km)

Banrock
Inlet Pipe

140° 20' E
i

\

Kingston on Murray

Fig, 2, Banrock and Loch Luna wetlands showing sampling sites. Note direction of How.
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Tabi.I' I. Numbers of cells of Anabaena spfi. and Tahu; 2. Numbers of i-ells of Anabaena spp, ami
touceutratious of dissolved reactive nit rote and taiid coucentratiinis of dissolved rem 'tire nitrate and total

phosphate - Loch Luna }994~9&\ phosphate - Banrock L994-M6,

Date Cells DRNitrate Total phosphate Date Cells DRNitrate Total phosphate

(mgl 1

) (mgj M (mgl ') fmg! ') (mnl-i) Ongl ')

Nov 3. I'-m + 0.16 Nov }. 1994 14 20

Nov 8 0. 1

3

Nov 8 0.44 0.17

Nov 15 0. 1 7 Nov 15 + 0.44 0.27

Nov 22. 56 0.44 0.20 Nov 22 11.30

Nov 29 41 Tr. 0.25 Nov 29 1.460 [J. 0.27

Dec 6 434 0.44 0.13 Dec 6 2,480 }.5 0.41

Dee 1

3

1 .230 0.27 Dee 13 1.560 Tr, 0.60

Dee 20 5.590 0.44 0.47 Dec 20 303 Tr. 0.70

Dec 27 23,700 2.20 0.16 Dec 27 125 0.23

Jan X l$$5 10,600 Tr. 0.46 Jan 3, 1995 96 Tr. 0.15

Jan 17 14,500 6.1 0.19 Jan 17 245 4.0 0.33

Jan 31 1.050 0,44 0.45 Jan 31 146 2 i 0.21

Feb 14 3,560 Tr. 0.07 Feb 14 373 0.12

Feb 28 97 3.52 0.10 Feb 28 Ml 7.9 0.06

Mar 14 437 0.88 Mai" 14 88 "<

0.88 Tr

Mar 28 172 2.20 0.23 Mar 28 5 0.33

Apr 18 425 2.20 0.36 Apr 18 123 0.27

May 16 909 0.25 May 16 189 Tr. 0J3

June 13 100 1.32 0.17 J Line 13 wetland drained

July IS II 0.17 July 18 50 0.20

Aug Ift s 3.52 0.19 Aug 16 0,24

Sept 5 o 0.30 Sept 5 4 040

Sept I

1 ) 2 Tr. 0.07 Sepl 19 + Tr, 0.25

Oct 3 Tr. 0.5.3 Oct 3 0.2S

Oct 10 K 0.47 Oct 10 0,39

Oct 17 6 l) 0.43 Cfcl 17 14 0.35

Oct 24 12 [195 Oct 24 23

Oct M II 0.44 0.04 Oct 31 II 4.4 0.27

Nov 7 24 0.20 Nov 7 24 Tr. 0.26

Nov 14 6 4.4 0.21 Nov 14 27 0.30

Nov 21 450 0.17 Nov 2

1

225 OJii

Nov 28 1,183 0.23 Nov 28 626 3.52 0.30

Dee 5 1.220 7.48 0.30 Dee 5 461 Tr. 0.30

Dee 12 1.150 Tr. 0.40 Dec 12 455 0.36

Dec 19 115 Tr. 0.67 Dee 19 135 Tr. 0.43

Dec 26 1,270 2 2 0.20 Dee 26 364 Tr. 0.18

Jan 9, \9% 9^7 6.6 0,20 Jan 9, 1996 2,300 4,4 0.21

Jan 23 U90 4.4 17 Jan 23 1.040 IJ2 0.18

FebO 2.530 0.08 Feb 6 2,170 0.02

Feb 20 368 Tr. 0.25 Feb 20 240 0.41

Mar 5 63 contaminated contaminated Mar 5 71 0.60

Mar 19 444 0.23 Mar 19 328 0.40

Apr 14 57 0.12 Apr 14 2H 0_12

May 14 0.41 May 14 0.33

lun 9 0.06 .lun 9 0.24
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Al tMltfh site il
:

ic'. 2) a one-litre sin lace watci

sample was LlikctI and bulked in a five litre plastn

bottle wllll -.amples taken from die OthOI '""' «ttC«

Aliquots nl' the bulked sample were Itaiistetred to

aii I ref 500 nil polycarbonate plastic scrcwlop

hollies for subsequent plu si. :i)H hcnucal una Uses al

(lie ScJCIM Section, (ilos.sop High School The onc-

hlre walci samples lor eouuluie cyauobacleiia were

iiunsfened to I -5 I plastic scrcwlop hollies leaving

u 25(1 ml headspaec. The samples were kept chilled

until dcitV^T) 10 I hC Australian Centre loi Wain

OuahU Kc^eaich. Hohvar SA bw enumeration Of

I
vanohacicria cells MIMSO l

n V0». The Kpeciul I ,2? I

plastic hollies lor die water HltfllptlJS Were supplied

from the Waici Qiialily I .abotalory.

a floating
L

Dor Grunc Pvnkf No 742s. bine

alcohol column llli/ITI ctet was used to io«>i.l ilu-

•mi lace waiet tenipcralnres at each site A mean
surlacc Witter lemperuuire was tllEll ealt ufned for

each wetland. A plastic hodied minimum - nia\urium

IhciUH'mctci.
i

81 h50 (
I

with pressure adjustment

lor indicalors <iii die mercury eolumii was used to

Aeiauil minimum and maximum waler temperalures

h| .leu limes *il eonsceuliNC sampling seals, ll was

sm.pe.med |S < ut below the surface-

flume was no |j June 1995 Collection Mi tile

Hnnmek wetland because this wclland was drained

Kit titauiienauce work on the initiation pumps used

n-r highland vineyard irrigation. The Locli I una 5

M.th h l'-.»
l Jd sample was discarded because ol

'.ir.pcctcd contamination

r In -inictif untitystw

Waiei samples were held at 4 C until icqmrcdaud

III most iir-.UHH.iS were unalysed within 4S h.

MiasLiierucnls ol turbidity, dissolved ammonia,

lIishuIvbcI teaetive nitrate ^Kt loLal phosphate wvie

IffiUfc W^ittH tl HAC'll DftkU/5 instrument and

prcmi\cd reagents iHaeh I-V84). PiTT dissolveil

.aniuoma each sample was filtered thiouedi a DuilMv

Kol^-s 201 tiller paper lo remove suspended solids A
IS ml aliquot was mcaMiicd into a < lean lI;*:^ samplr

cull and I ml ol Nesslei lea^enl added (Uaeh |QS>£j

I he midline was left lor colour lo develop, In I his

case hie blank was distilled water (2S ml) with I ml

i-l Nesslei icaecni included, Measiireiueiiis were

made nl 425 nm ancl recorded as mgl ' after applying

. • uiivciMi.n factor of mithiplicaiion b\ 1 ,29 (Maeh

lor dissolved leuelive nitrate tIJRN) each sample

e..e littered through a I >oublc Rings 201 paper to

icmove cl.iy particles- A 25 ml aliquot was m<-asurcd

Nui \w<akitW\

into a clean elnss sample cell and the contents ol one

Toil suctiel Ol prenuxed Nilraver 5 reagent added,

this mixture was rapidly aeilateil Tor one minute

(hen leii lor five nuniiles loi colour to develop.

Another tillered 25 ml sample was used as a blank-.

Measurements weie made al 500 lWl anil recorded .i,

rn^l ' alier applying a eonveision laciot ..j

mtiltipircmion by 4.4 diach l*W2l

f
; or total pbt)MphatU (TP) a di^estise pmtXBfl w.is

used Wconvert all lorms ol phosphate to the s(»luldc

oilhophosphale form (llach l'">2), hib> ml ol Ihe

sample wro: me.isureLl into a clean \23 ml

ralenmeyer Husk aitADjJ with 4 ml 5*5 N UNO, and

l wo n.il sachets ol K.S.O. i llach (W2) The iiumiio-

was heated in a boihu.c water baih ha 1^1 millUM

allowed to cool lo room letnperaluie and then •! ml ? N
NiiOlI were added I hfi SUmplii was -,plii inu> uvo 15

ml portions in clean ulass sample cells. Out' (oil

,.u lui *)) pivmixeil I'hosver 5 reaeent was added H)

one conlauici anc! the eoloui allowed lo develop, I he

other was used as a blank lot speelmrikiric analysis.

Measuretneuls were taken at 700 nm ;h\l\ recorded .is

ryigl ' abet applying a eonwisinn factor (division by

,i). Ihese DKN .wm\ II' resuh-; uanplenieitt data

collected lot eit'hl SA wetlands by Sulci el {it

pH was incaMuei! usinj.- a Manna HI R424L pH

ItlCtOt The piulv was rinsctl in distilled wuiu

between each le^t and lelt m the -ample uniil ih.-

Iiighesl stable rciklme was reached.

biir turbidity measurements, each sample was

agitated vigorously and a 23 nil aliquot was added to

a clean elass sample cell and placed in the l-JRFI /5

speclrophoiometec YlcaMiicnlcuts were made al 450
am iiiul O'curded as Nephelometric TurbnhU (NT1

turtle, A blank ol distilled svuler was UhUd lf» 'vyo the

instrutuem

t ..n.Juctivity measureinenis were made Using a

LIT] IT 20o'eonduelivily meler calibrated h> Nl \

blecuic.il (_\.uducli\ ily (IT') units between each u#v

I he calibration solulion wa.s prepareil by diltiliut

74.53 g crt iwen • Jrftfd KCI m I000 nil ilistilled

Wilier. The probe was rinsed with distilled waic piHQi

In each use and the maximum reading taken eatb

lime il uas nsrtl Kesidis Were in H( ' unils

Kesulls

Mian surface wutcr icmt>c*vnuv\

Thiouehoui this study the mean suilaee wntei

temperatures in the two wetlands showed almost

identical trends In eeneral. water temperalures wem
higher m the uioie ^|«»sal shalhAv Haiimek wellan-l

than in the sliehlly more pn»leeted Li»eh t UDil

weiland. The higliesi surface water lempcTatures Hi

HuuiHck- :.S-5
'

, 2S.fr and 2S.4" C were rccrded m
the summer ol IV*J4 3, corresponding leiufieiatures
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in Luch Luna were 27.4
s

, 28.5 and 25.3 q C (Fig. 3).

The lowest mean surface waler temperatures were

10.3 ' C in Banrock and 10.2" C in Loch Luna on IS

July 1995.

In Ranroek the greatest range in minimum and

maximum water temperatures between consecutive

visits was 20° C (15" - 35" C) between 3 and 17

January 1995 and the greatest range in Loch Luna

was 14.5 C (14 - 2K.5
D C) between 22 and 29

November 1994. The monthly ranges in

summer/autumn were often 15' C or greater,

whereas in winter, they were 5" C or less. The least

dilTerenee between minimum and maximum water

temperatures between consecutive visits in Loch

Luna was 0.5 Con I X July LW5,
Lock 3 Pool surface waler temperature 50 m

upstream of the Banrock Station Intake in 1996 was

slightly higher than the mean temperatures in

Ranroek and Loch Luna (Fift. 3).

n

•
!

'!

p..,
, Ml ii. i.
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!t« t-nu Mar II-
i
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- N » n
'

Fig.
'" Comparison of nflcatl surface u.tier temperature* at

Banroek and Loeli Luna. Noveaibcr inuajtme 1996 and

Rher Munav. October L995June Wo.

pH
The pH values ranged up to 9-5fi at Banrock (27

December 1994) and 9.04 at Loch Luna (3 January

19951 (Fig, 4). Lock 3 Pool water registered a

maximum pi I K.o2 on 14 November 1995 and a

minimum pH 7.51 on 2b December 1995.

Turbidity

The shallower Banrock wetland mostly recorded

higher turbidity Values than those of Loch Luna (Fig.

5). Highest turbidity in Banrock was 200 NT units on

3 and 10 October 1995 and the lowest 30 NT units on

14 March and 28 November 1995 while in Loch

Luna the highest mrhidhy was 170 NT units on 5

September 1995 and the lowest 10 NT units on II

March 1995. Turbidity in Lock 3 Pool ranged 70 NT
units on 14 May 1996 to 20 NT units on 26

December 1995. The mixed River Murray - Darling

water had a lurbidity value ol "4K NT' units Oil 9 June

1 996.

i\ii)(lui-tivity

VUc initial high conductivity o\' IS98 EC units in

Ranroek on 3 November 1994 decreased to S71 EC
units in 6 weeks and more slowly thereafter to 500

J3C units by 9 June (Fig. 6). In Loch Luna the initial

condticliviiy of 1095 EC units on 3 November 1994

decreased to 6S7 EC units on 17 January 1995, rose

slightly before falling to a minimum value of 327 EC
units on 19 September 1995, VVilhin a fortnight there

were two sharp increases in concentrations (2720 EC
units on 3 Oelober 1995 and 1759 IX' units on 31

October) before conduct n it v values decreased to

511 EC units on 9 June 1996,

The conductivity values o! the River Murray water

decreased slowly from 686 EC units on 31 Oclobei

1995 to 51 1 EC units on 14 Mav 1996. The mixed

i
i \ \

...
:

!...•-
p

pai a m. " i

Fig. 4. pit. Banrock and Inch Lnnu. November IUO4.

I4 l Ki and River Murray. October I99fkiune W%.
June

1
-..1 .1 ..I-

Mil Mill 1,

V

., ,
..'•.' I)!! t.t..,

I
1- 3|. Turbidity, banrock and

iW-June 19% and ftrvpr Mu
1996=

,
1 i,..

Loch Luna.

rrav. October

^

.,, V , II

Novewbej
1995-Junc
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River Murray

June 1996.

Darling water was 438 EC units On 9

Rainfall

Weather factors, such us heavy rain and strong

winds, were found to influence some physical

parameters in the two wetlands. The average annual

rainfall at Barmera is 245 mm. The Barmera rainfall

was considered lo be represenlalive of the area and

its daily rainfall records for the 20-month period of

the study showed that rainfall was irregular with

intermittent occasional heavy falls of 27 mmon 4

January 1995. 2°- mmon I May. 53 mmon 23

October 1995. 3S.5 mmon 2 January 1996. 25 mm
OH 27-2K February and 20.1 mmon 3-4 June 1996.

Dissolved ammonia
The patterns of dissolved ammonia (Fig. 7) were

similar in both wetlands. The range in Banrock was
from 0.17 mgi 1 on 28 Novcmbe/1995 to 3.10 mgl

'

on 7 October 1995 and in Loch Luna from 0.30 mgl

'

on 3 January, 2N February and 31 October 1995 to

3.48 mgl ' on 21 November 1995.

Dissolved Reactive Nitrate 0RN)
In Banrock there were occasional high DRN

concentrations, exceeding 4 mgl '. in the period

November to March 1994-5 and again on 3 1 October

1995 and 9 January 1996. At most other times DRN
was below detection. In Loch Luna there was high

DRNon 17 January 1995 and between October and

February 1095-6 there were four occasions when the

concentrations exceeded 4.0 mgl ' (Fig. 8).

Total Phosphate (TP)

The highest IP concentrations recorded tor Loch

Luna were 0.95 mgl on 24 October 1995 and 0.67

mgl I on 19 December 1995 (Fig. 9). At Banrock TP
peaked at 0.7 mgl ' on 20 December 1994. On 13

December 1994 and on 5 March 1996 the next

highest Banrock values were 0.6 mgl '. The mean TP
for both wetlands was similar at about 0.3 nml '

|u Ml M.

'••--'•
. ./

v -^-.^

Fig. 6. Conductivity. Hanroek and Loch Luna. Nove-inbei

1994-June 1996 and River Murray. October lOOs-Jnnr

1996,

Lm lunn
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-ii i all
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Fig. 7. Dissolved ammonia. Banrock and Loch Luna.

November L994-Jillte IWo,

Cxanobacterta

When water sampling started in Banrock on 3

November 1994 the total cyanobacterial count was

14 cell ml 1 (Fig. 10). By 6 December 1994

cyanobacterial cells peaked in Banrock at 24S0 cells

ml ' and then declined steadily to 5 cells ml ' by 2X

March. The second but smaller cyanobacterial cell

multiplication in Banrock occurred a year later

between 7 November 1995 and 9 January 1996. Cell

numbers rose from 24 cells ml ' to a maximum erf

2300 cells ml ' before declining to 71 cells nil ' on 5

March 1996 (Tabic 2i. Three Anahiu na species were

predominant in the Banrock wetland.

In Loch Luna between 1994 and 1995 the same

—Vv'-- -A-r .

I ., i
,

i Mm Ami H»»

Fi*:. H. Dissolved reactive nitrate, Banrock and t oc4i Luna.

November 1994-June IWff,
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Other cyanobacterial species identified in the water

samples, although occurring only in low numbers,

were Anabaenopsis elenkini (6 December 1 994 - 20

February 1995), Aphanizomenon sp. (22 November

1994 - 13 June 1995, 23 January - 19 March 1996).

Oscillaloria sp. (3 November 1994 - 18 July 1995, 9

January - 19 March 1996). Cylindrospermopsis

raciborski, Piankfothrix spp., Arthrospira spp..

Microcystis aeruginosa and Pseudoanabacna spp.

were identified from time to time.

Discussion

Fig, 9, Total phosphate. Banroek and Loch Luna.

November 1994-June 1996.

I ucN LdhS

LBanracK

4 IA r J'A
Nov Dec JaN Feb Mat Apr

' May Jun Jul Aug Sep Ocl Nov Dec JaN Feb Mar Apr May JUN

Fig. 10. Cyanobacteria {blue green algae). Banroek and

Loch Luna, November 1994-June 1996.

three Aiutbacna species were predominant through

l lie rise and subsequent decline of high cell

multiplication (incipient blue green algal "bloom"").

During November 1994 the number of

cyanobacterial cells reached a low of 41 cells ml ' but

after 29 November their numbers increased rapidly

to peak at 23.700 ceils ml ' on 27 December 1994

before declining to 97 cells nil ' two months later

(Fig. 10, Table I). Anitbaena coiled species was

predominant until 3 January 1995 after which

Anabacna circinalis displaced it until mid -

February. The coiled species again became

predominant until June 1995 when all three

Aitabaena species were present in low numbers until

late November 1995 when multiplication of

Anabacna coiled species began again. This species

peaked at 2530 cells mLl in early February and a

month later cell numbers fell to 63 cells mi ' (Table

1 ). Cell numbers rose slightly to 444 cells ml ' on 19

March 1996 but no cells were detected on 9 June

1 996.

Surface water temperatures. pH, turbidity and

conductivity levels followed similar trends in both

Banroek and Loch Luna wetlands and were

comparable with the values recorded between 1990 -

1993 for the eight floodplain wetlands of the River

Murray in South Australia by Suter ct ai. (1993).

River Murray turbidity values were highest (70 NT
units) on 14 May 1996 and lowest (20 NT units) on

26 December 1995. Mixed waters of River Murray

and Darling River (Lock 3 Pool) registered 48 NT
units on 9 June 1996. In the 10-year period 1978-88

Lock 3 Pool water averaged 60 NT units (Mackay &
Eastburn 1990).

The high conductivity value of 1898 EC units in

Banroek on 3 November 1994 was caused by a

blocked inlet pipe into Banroek; with the clearing o\'

the blockage conductivity values in one week

dropped to 1507 EC units. Turbidity in Banroek

increased from 104 to 155 NT units between 5 and 8

November 1994 due to turbulence from the rush of

water following clearing of the blockage. Seven

weeks for conductivity values and five weeks for

turbidity values were required to reach equivalence

with Loch Luna values.

In Loch Luna conductivity levels rose from 327 to

2720 EC units on 3 October 1995 after spring rains

and strong runoff. At Barmera, 13 mmof rain fell on

31 August, 9.6 mmon 5 September, 9.8 mmon 25

September, 10 mmon 3 October and 53 mmon 23

October 1995. Seiche effects in Lake Bouncy and

added runoffs caused the high conductivity water

from Lake Bonney to flow through Chambers Creek

into Loch Luna wetland. The outward movement of

the high conductivity water (2970 EC units) from

Lake Bonney was traced from data recorded on 6

October 1995 at position POL5I7 in Noekburra

Creek, a tributary of Chambers Creek. Six weeks

elapsed before the high conductivity water from

Lake Bonney had been diluted to 721 EC units (14

November 1995).

The range of DRNconcentrations in Banroek was

- 7.9 mgl ' and in Loch Luna - 7.48 mgl '. The

high registrations Occurred mainly after heavy rains

but there are also nitrate contributions from time to
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little bom waici It.tin fhc Rocr Murray ami lrom

;mriculliir;il drums, town el fluents ami sfcwiige

iU-.i har
;

vs a-, well ,is localised ailiolvtir bicakdown

of nitrogen - fixing blue ^rrcn ujgne [AtltlhtiVHtf

spp K I hvre |s an unknown DRNuuiiieui input (twin

huec Hocks ot" peitcund <> 10(H) birds!, swans,

cormorants ami ducks and lessor numbers ol othei

water birds iesi.lt.-ni in Baittuck and Lcutl LutTti

wcilamls and on (he hanks of the River Murray

Nlitrnlcs art tU*0 produced bv Itghtlltltg (Nmiih

IVWU,

The IttglftesL TP level (O.V>5 myl ) recorded in I tu h

Luna ucisutted on 14 Oetohet \

i
)
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linn ol iatn Tell ai Buiiucra and 5S mmai rianrock

SU ft I. Kolnkieli pet-., eo , IW). Such

hce.y ram ami conscipicnl runoff eanse bottom

disturbances in shallow wetlands whit h ^'distribute

i lo.-.ol ved ui ^aiiic phosphorus compounds atttl

itioiLiauie phosphorus bound lo suspended or

il'-tihU-.l bottom ui^allic particulates in ihe water

column, lin;:;-. cl til, H°S5| have also drawn
aik-nnon to the complexity ofehenuLnl relationships

withm wetlands ariil ihe effects of wvalher factors,

such us Winds and temperature, on water chemistry

NO MoGWhH I $ I'.u.leiui weie iftsorYftj i]i

Uanrock wetland, Ihe iriulliplkaiiou ol

i \unohuctriinl m'IIs in Kaiimek during December
!'"! was hulled by Ihe increased water inflow

lullov.in- removal oflllC bl»KkilgC 111 ihe fdlCI ptpC.

The ivanohaeicna were Hushed oul prevcniint! any

further development ol' a cynuobn^irital hfhnifll ill

Uanrock weilund lhai year

lii loth UUIU! I

v.ntohnetonal COlVt (cached a

maximum ol 23,700 cells ml ' on 27 Deecmtvr
Ivl ore declining to zero by 14 March |QV5 Alter ihe

I'ollapse ol Hie cyaiiobaUemil populiiiiuu III Loch

I. una mi December I WMLa miall but visible hint 1

iiLVh ..b '.tl hlooin developed downsticain in

lebiwury ami March |0M5 alone the eastern bank ol

Ihe River Mun.tv .uli.u uii to I oek ? weir li is likely

thai (hi:, bloom had ils yenesis in ihe November
December l

l,l|
4 inrll iniilopheaiion in I ,oeh Luna

iicaie.ini m 1.
1 mi ihe same side ill ihe River Murray

hintlll blue eaern ulgul blooms had occurred m iU-,

v'lii' location in previous vivc (I (« k 5 -.i.iii pets,

ioinm. 1^95),

Bowling (IM441] repnrietl Ihe occunencc mill

possiUle e.iuse-. ol* ;i sevnv Anuhitnui t jo tt/nfn

bloom m Lake CV.iecllmo NSWm Vll.tr IVWMJJ
whiii cell uunthcrsLAoecuod U"MU«M) 1 ells ml ' Ihe

ptivsien clieimeitl Jevels in ihe lake in 199(1 had
1

>-. >'lose 10 the !

L
>

4 >4 A \;ihies III Loch I uiui loi

1- -nip. -mures, pll, lurl.ntlil> ;md eonduebvity

but lower m;jviin.i m coiicemouioiis ot'I L aiul (DUN

'lui- ttftfC IbiUVj for I "eh I
I

Ho\« Iiiim ( 1004)

1 \ picked the \ it^N 'iboul the L;ike f ;ueelh;'() bU»oiu

thai ";illhitueh ^eviral umlei lying eaiisivs ol rhf>

bloom are piob.ible. Hie elevaled nmrkoi
eoneentralions. espeeinllv ol imal phosphoms. weie

major Taeiors dial eonlribulcd Lo il" He di\ U

attention 10 die kai ih.n most plush 1 hcttiftll

sUulie^ ok cvanobacteiia blooms weie stattcil altn

Ihe blooms hud oeeuned.

In this study ot th«- pliysico-eheiiucal properiio ot

the tvvo wetlands a search lor bloom - foimine tosie

eyiinob.ieteriii species WfiH M.n'led bebue au> cell

uuiltipliealion had commenced and a seasonal

piiLleiu is described- ("vanobaeierial cells niav

irmain donnani in eohl Wiiiers ami erow besi ui

WULUI ti'inpcialures e\ceedine 15' I . vvilh opiim..l

growth rales at 25' C "l hejher (K»»bails & /oluuv

l

l »S5l, The ellecl ol waler k-mpeitiiuivs on

esanohaclerial cell numbers in Loch Lima, is shown

Willi data bom Lihlc I which show thai blooms only

oeeuned between November and Lchruary Nnmlv rs

ot Xtutinwiui spp. tost- -.(uldeuly Inmi ato on \

c
>

Novembe. I'-W (20.1 C) lo 23,71/0 nil I on 11

Deeeniber |M 1U i2-J_2 C) mm\ ihen hcuufl SUbhOhilg.

cweu diouvh the water temperatures were hii:b.

perhaps hecause ol exhausiioii ol nuirienis_

The risv and (all in eel! numbers may abo be

relaied to ihe concentrations ol' the two nutrients,

|)RN and 1 1' recorded during the L-iowth and decline

ot the l

( ><-)4_5 and l

l H),S-o blue eiecn alyal ouibreak,

liable
1 1. However since Ihe concciHiaiioii ol

dissolved reactive phosphoms is nol known, these

lelabonships must be ueauxl with cannon,

There wen: lour occasions (20 December I9 ( )4, \

and 31 Liuu.irv b^5 ,\\\A Ls \pril |p05l ^ ben IT

eoneentralions in Loch Luna were at or above 0. Ui

inel ' ,u)i\ DRN was present e\eti In low

eoiiLjeiniainHis (W. 2.2 Ulgl ' ), AllCt each olthe.e

e\ .. mi -.
i here was a use m the numbers ot*

c\anobaelcrial cells- In October |\WSimean lo.o ( |

iftClXi were Tour
r

rr eoneentralions between "
-1

0. 1)5 myl I but DRN was low or absent and no cell

inulliphcaliim tlcu-lnpeil

A pane" ii o 'Inted lo uiurieni a\ai lability and

temperature can be seen III carl> I Wo, Alter an

increase lo JI<MJ cells on 23 January l«/tfi the cell

bus bCg8l1 lo dec line pOSfltbl) due lo very low

ciMicenlraliou^. ol DRNand Ihicluaime values ofTP
in the waiei coh i, I lu i-yanobaciena population

reached zero on bl Mav lb l Ki Thr mean wan-,

lemperature nn lhai ilnie wms I V f " v/Jnub i^ near the

minimum temperature rattle I'm .erowth ofmuuv \~tel

lb mi" evanobaeteria species.

trom the tiff ru obiamed in ihis study it is siieeesied

ibal outbreaks of eyanobjcierial blooms did i|oi

oeeur in (he summers <.(' 1^)1 SilUtl P)0S-o iv^nr,

there Wftrti uiadetjuale eoiieenlralious ol IT aid

DRN ui Ihe waki cohunn durine the perisid ol

la\ourablc yrowlh for cyanobaeleri.i f>ata liom this

s|ud> imlkate that I P coucentialioii aluwe 0,M\ nt ,

l
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urjd DRNconcentration at or above 4.0 mgl ' in the

wetland may provide lor continuous growth in the

Anabiiena species.
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